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ABSTRACT

In 1960 blood pressures were obtained on 106 active and retired military subjects
on whom the cold pressor test had been performed in 1940. These blood pressures
and the cold pressor index (rise in systolic blood pressure, millimeters of mercury) were
analyzed for predictability of future hypertension from the index. The mean index of
the 11 who became hypertensive was significantly larger than the mean index of the 51,
of comparable age, 35 years and older, who remained normotensive. Statistical associa-
tion was found between hyperreaction (using a cutting point of 10 mm. Hg) and
hypertension; however, the accuracy of prediction is not good. Thus the test as defined
is not recommended as a predictor of future hypertension.

An average increase in diastolic blood pressure of about 7 mm. Hg every 20 years
was observed cross-sectionally in 1940 and longitudinally.

This technical documentary report has been reviewed and is approved.

ROBERT B. PA E406
Colonel, USAF, MSC
Chief, Operations Division



CO I ES T 11 A 20-YEAR FOLLOW STUDY OF 1 23- SUSJCI

1. INTRODUCTION pressure of less than 15 mm. Hg and those
with rise of 15 mm. Hg or more. Although

In 1950, Armstrong and Rafferty (1) subjects with a reaction of less than 85 mm. Hg
published a seven-year followup of Air Force were separated into two groups, the groups
officers on whom the cold pressor test was were not thought to differ in proneness to
performed in 1940, according to the Hines and develop hypertension.
Brown techric (2). Since the test is still being
appraised, a 20-year followup of available For a review of cold pressor literature
subjects from Armstrong's original group through 1950, the reader is referred'to Wolff
seemed appropriate. (6). More recent concepts concerning the role

of increased cardiac output and the patterns: Our data are pertinent to Hines's (3)OrHof peripheral vasoconstriction in hypertensives
statement that "the evidence is reasonably good and normotensives in cold pressor mechanisms
that a person with vascular hyporeactivity are discussed by Boyer et al. (8) and Bred (9).
vill not have essential hypertension within
10 or 20 years. On the other hand, it is
purely speculative whether a person who is 2. PROCEDURES
a vascular hyperreactor will have essential
hypertension later in life, although his chances Cold pressor tests using Hines's technics
seem considerably greater than those of the were carried out on flying and nonflying offi-
hyporeactor." But, he also wrote in the same cers at Wright Field in 1940. The cold pressor
paper: "The general use of the cold-pressor index employed was a rise in systolic blood
test to predict the future development of hyper- pressure. No diastolic response to the test
tension has not been advocated by me." was recorded.

Hines and co-workers have used various Owing to the difficulty of tracing people
criteria for a positive reaction to the cold during World War II, it was arbitrarily decided
pressor test. In 1940, the criteria for hyper- that for this study, of the men tested in 1940
reactors were a pressure rise of 21 mm. Hg and reported on in 1947, only those listed in
systolic or 16 mm. Hg diastolic, or both (4). the 1947 military registers either in active duty
In 1951, the criterion was in terms of diastolic or retired status, would be followed. The
pressure rise alone: hyporeactors, 9 ram. Hg number of persons satisfying these criteria was
or less; normoreactors, 10 to 20 mm. Hg; and 125. Two of these had severed their military
hyperreactors, 21 mm. Hg or more (3). In 1955, connection between 1947 and 1950 and could

those subjects whose maximal diastolic blood not be located through military records. This

pressures during the cold pressor test exceeded left 123 subjects available for followup in 1960.
84 mm. Hg were categorized as hyperreactors Letters were sent to the living, requesting
(5). Further, those whose maximal diastolic from them: three recent blood pressure read-
pressure did not exceed 84 mm. Hg were sep- ings, information concerning elevated blood
arated into two groups: those with rise in pressures in the past, and antihypertensive

medication, if any. For those who had died,
Received for publication on II September 116. records of the terminal hospitalization were



TABLE I
Number and pe ter kge* of subjecta easified by 1940 ayatolic cold pressor indez and by

1960 status
Alive

Index Number of
(194) subjts Deed Did Dat reply to Repied to quetloumaire

quatjouaie Normetmaive (190)t Hypertensive (10)

1-9 61 7 (115) 3 (4.9) 49 (80.3) 2 (3)

10-14 SO 1 (U) 1 (U) 29 (80.5) 5 (13.9)

16-0 21 2 (9.5) 2 (9.5) 15 (11.5) 2 (9.5)

21-30 5 1 (20.) 2 (01.) 2 (40.)

TW 123 11 (RD) (4.S) Is (77.3) 11 (M)

Opsgutw aim aim. Is p
tllarmniskm = ItWU -w. Ik o hla

TABLE 11
Meew ansd vmp of 1960 systolic cold praor id z * m d distdic blood presure of subjet.

dhaified accovding to 1949 age md iD98 blood preasure ist.

Normoteuive (16)* Hypetm bre (190)t

Age Index Di...e BP I n --x d l e 3P

(1940) Number of (1940) Differenc Number of (1940)
subjeto 94 1960-1940 subjedsta9

Mean Range Me Rang Meei Range ___ _ Mes Rang, Mom Raug

22-24 6 12. 5-20 66.3 50-70 LO 1 to
15

25-29 13 9.8 5-22 68.6 62-78 6.9 -2 to
14

30-34 25 9.9 2-18 70.5 56-84 8.2 -6 to

28

35-39 30 10.2 1-22 70.7 58-89 9.0 -9 to 6 14.2 7-28 76.0 70-83

24

40-44 12 9.4 3-20 71.9 63-85 2.9 -24
to l

45-49 7 10.4 2-18 78.0 66-8 6.4 -3 to 3 16.0 6-30 79.0 76-81
22

50-54 2 4.0 2-6 77.0 72-82 9.0 -2 to 2 16.0 12-20 81.5 78-85
20

Qformotensia= 10/92 mmn. ft or W.

tDifference between the 160 and 1940 blood pressure is not given since some of the 1310 hypertensives are on drugs.
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TABLE III
Meaiwe of 1940 age arnd diastolic blood pressure of subjects classified according to 1940 systolic

cold pressor index and 1960 blood pressure status

Normotensive (1960)0 Hypertenuive (190S)t

Index190maNo ifme1"
(1940) Number of 1940e ofa .. ~fr.. 30-m

subjects Age Diastolic betwees 1960 ad subect of UF.
_________________ P. 1940 diastolic B.P. subjets Ag

1-9 49 36.1 71.9 5.8 2 42.5 18&0

10-14 29 33.8 68.4 11.9 5 40.8 7U6

15-20 is 34.6 72.9 4.4 2 48.0 79.0

21-30 2 32.5 67.5 8.5 2 40.0 79.5

TOWa 96 35.1 70.9, 7.5 11 41A 77.8

*NurMut*iv* = M9/92 Rmn HE or lass.

tDitteee ho twee. Owe INS and 1946 biwoI pmnus.. in .. t vivo% wsug. sofm thme 1960 hipnytes am, A r'm&

reviewed when available, and the death certifi- One of the 11 who. died was hypertensive.
cates were noted for any reference to hyper- His index was 16. Since those dying might not
tenstion and its related complications. Six of have lived long enough to develop hypertension,
those reported as living, according to current further discussion will be limited to those alive
retirement and active duty records, did not and followed for 20 years. A.total of 106 sub-
reply. jects satisfied both of these criteria.

For purposes of this report, a mean blood Table II presents data on these 106 subjects
pressure of 150/92 mm. Hg or leS was con- -giving means and ranges of the 1940 index and
sidered to be normal. All of the 123 subjects diastolic blood pressure, and differences be-
had normal blood pressure readings in 1940. tween 1960 andl 1940 diastolic blood pressure
Their systolic cold pressor indexes ranged from of subjects within age and normotensive and
I to 30. hypertensive groups. All hypertensives in 1960

were 35 years or older in 1940. Within age
3.RESULTS groups, the hypertensives had slightly highber

index means. Further, there is some indication
Tabl I gives for the 123 subjects followed that the diastolic pressre in 1940 of hyper-

the number and percentage of the numbers in tensives was higher than that for normoten.
each 1940 systolic index group accrding to sives Of comparable age.-
whether dead or living in 1960; if living and
if they replied, whether normotensive or hyper- Table III presents data on the 106 subjects
tensive. Among the 11 living hypertensives, giving means and ranges of the 1940 age and
6 currently required antihypertensive medica- diastolic blood presure, and differences be-
tion. Of the remaining 5 subjects, 1 was tween 1960 and 1940 diastolic blood pressure
being evaluated prior to therapy. within index and normotensive and hyperten-

sive groups. It should be noted that diastolic
Two subjects (indexes of 3 and 10) were blood pressure and index value appear to be

classified normotensive though 1 of 3 blood uncorrelated. Further, it should be observed
pressures was elevated. Only 5 subjects had that the mean age of hypertensives is 6.3 years
an index of 21 or greater. greater than that of the normotensives.
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4. DISCUSSION and hypertensive, of 35 years or older was sig-
nificantly higher (P <.01) than that for sub-

Criteria for significance of reactivity have jects less than 35 years of age. A similar
varied as data and experience have accumulated result was obtained for only the normotensives
(2, 3, 4). Cold pressor indexes have been based (P < .05).
on change in blood pressure as well as level of
blood pressure. An index based on level of The effect of aging on diastolic pressure
blood pressure attained would generally not can be seen, cross-sectionally, in table II: the
give the same rank-ordering of subjects as an older individuals had, on the average, a higher
index based on change. Thus some subjects who diastolic pressure than the younger men. From
would never be considered a hyperreactor under table III, we observed that, over time, or
a change criterion would be considered a hyper- longitudinally, the average increase in diastolic
reactor under a level criterion and vice versa, pressure is 7.4 mm. Hg over the 20-year period.
Such changes have been studied in normoten- This increase is similar to that observed by
sives and hypertensives. Oldham et al. (7).

The purpose of such a study as this one Since blood pressure increased with age and
is to delineate in retrospect differences between since all those who developed hypertension in
those who developed hypertension and those 1960 were 35 years or older in 1940, only the
who remained normotensive. In particular, 62 subjects 35 years and older were used for
it was to determine if an individual's response further comparison. The hypertensives had
to cold, irrespective of the mechanism, did re- a mean cold pressor index of 15.0 mm. Hg (S.E.,
late to his propensity to future hypertension. 2.41), which is significantly higher (P < .05)

than the mean for normotensives of 9.8 (S.E.,
A change index (difference between sys- 0.69). The 1940 mean diastolic pressure of

tolic pressure at rest and maximum systolic those developing hypertension was 77.8, sig-
pressure during cold exposure) was employed nificantly higher (P < .05) than the 1940 mean
in this study. Various cutoff points for the diastolic pressure of 72.2 for normotensives.
blood pressure change were used to define For the normotensives, however, the 1960
hyperreactors. Varying the cutoff point re- diastolic and systolic pressures were not corre-
defined hyperreactors, but left subjects in the lated with the cold pressor index.
same rank order. Unfortunately, the maximum
diastolic pressures were not collected in 1940 With systolic increase of 21 mm. Hg or

more used as the criterion for hyperreactivity,on the subjects of this study so that none of n infcn soito ewe etrsls
no significant association between test resultsthe indexes based on maximum diastolic pres- and hypertension can be demonstrated. Nor

sure can be checked for their predictability of an hyperon can be demonstrated Nohypertension, can any strong association be demonstrated if
one uses cutoffs of 17, 15, or 13 mm. Hg for
hyperreactors. However, if the cutting pointHines (4), in 1940, found an incidence of is dropped to 10, then at least for these data,

15% hyperreactors in his population of normal there is a significant association between an
subjects when he used the criteria of a 21 mm. index of 10 or more and the development of
Hg rise in systolic pressure or a 16 mm. Hg hypertension (P < .05).
rise in diastolic pressure, or both. However, we
observed only 4 hyperreactors out of 106 sub- Although a significant statistical difference
jects when we used the criterion of a rise' of was demonstrated between the mean index of
21 mm. Hg in systolic pressure. those who became hypertensive and the mean

index of those who remained normotensive, the
For the subjects of this study, aged 22 to association between the index and the develop-

54, there was no noticeable relationship between ment of hypertension is not of sufficient
cold pressor index and age. The 1940 mean strength to recommend its use as a predictor
diastolic pressure of all subjects, normotensive of future hypertension.

4



REFERENCES

1. Armstrong, H. G., and J. A. Rafferty. Cold sponse to cold of normotensive subjects and pa-
pressor test followup study for 7 years on 166 tients with essential hypertension before and
officers. Amer. Heart J. 39:484490 (1950). during treatment with various antihypertensive

drugs. Circulation 11:878-888 (1955).
2. Hines, E. A., Jr., and G. E. Brown. A standard

stimulus for measuring vasomotor reactions; its 6. Wolff H. H. The mechanism and signifleanee of
application in the study of hypertension. Proc. the cold pressor response. Quart. J. Med.
Mayo Clin. 7:332-335 (1932). 20:261-273 (1951).

3. Hines, E. A., Jr. Vascular reactivity and hyper-
tensive disease, pp. 331-341. It Bell, E. T., et al. 7. Oldham, P. D., G. Pickering, J. A. F. Roberts, and
(eds.). Hypertension, a symposium held at the G. S. C. Sowry. The nature of essential hyper-
University of Minnesota, 18-20 Sept. 1950. tension. Lancet 1:1085-1093 (1960).
Minneapolis: University of Minnesota Press,
1951. 8. BoyerJ. T., J. R. E. Fraser, and A. E. Doyle. The

4. Hines, E. A., Jr. Signifi of vascular hyper- haemodynamic effects of cold immersiom. Clin.
Sci. 19:539-550 (1960).reaction as measured by the cold pressor test.

Amer. Heart J. 19:408-416 (1940).
9. Brod, J. Essential hypertension-hamodynamic

5. Windesheim, J. H., G. M. Roth, and E. A. Hines, Jr. observations with a bearing on its pathogenesis.
Direct arterial study of the blood pressure re- Lancet 2:773-778 (1960).



0.3
00

rx 0

4 x - .4

co 4) 1. o

~~z~Ci2~ 5!M-C~~

-''s 
1WO ~ C~i

co ccI

COX~ ci E

ct .0 = 1,tE

o~K~PA

- I -. - - ---- - -3-- - - -

I-~~~~~- -~ - - --------------- - - - - - -

-VV
0 C c

C C

v Co. CC-

E E-.Ej5

~ EE E
Lf~-~C~Cc ~

-- I ~ <0.V-
* * .

- 4.1 -~-

21E



0 Cd 72

r- r.t

U- 0 4
bt0 go

00

E S.

CLL

-. E- - .* C

doMC o a~~Zooo t-E co

4d C 4
aoU

r.U

LM rm0 t


